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1. Summary of Cell Search e-mail reflector discussion
To progress work on cell search, an e-mail reflector discussion was started on the following topics that were discussed in RAN1#49
a. P-SCH sequence design:
i. Choice of 3 Frequency Domain Zadoff Chu (ZC) Sequence: ZC sequence length and indices

b. S-SCH design:
i. Mapping method (Interleaved or Localized)

ii. Sequence type (Hadamard, M-sequence, short code scrambled with Golay complimentary sequence)
iii. Scrambling method for the two S-SCH short code

iv. Mapping of the multiple system information on to the S-SCH sequences

c. Sampling rate for P-SCH and S-SCH
Table 1 summarizes the views from participating companies.
Table 1.  Summary of cell search (CS) email discussion.
	Company
	P-SCH  Design
	S-SCH Design
	Sampling rate for P-SCH/S-SCH

	Interdigital
	
	Interleaved or Localized
Hadamard based sequence of length 32

Golay or PN scrambling of short codes

Non-transparent Tx diversity scheme
	

	Ericsson
	
	Interleaved Mapping.
Common scrambling

Concatenated pair of two short codes indicate cell ID group and number of TX antennas. 
Frame timing is encoded by permuting the two short codes in the different S-SCH symbols
	

	Texas Instruments
	Time-domain complex conjugate symmetry between 2 PSCs facilitates significant complexity reduction.
1st preference: N=63

        2nd preference: N=65

	Interleaved Mapping

Hadamard based design

Need scrambling

Simple mapping


	UE sampling rate is implementation-specific, it should also accommodate the lower sampling rate (0.96 MHz) for performance-complexity trade-off. SCH should not be designed to preclude any reasonable sampling rate.

	Nokia/Siemens
	
	Interleaved Mapping
Chosen sequences result in good cross-correlation properties in the time domain.
P-SCH based scrambling

All information can be obtained from one instance of P-SCH and S-SCH
	

	Nortel
	
	Interleaved Mapping
Proposed a S-SCH sequence mapping scheme (R1-072368)
	

	Qualcomm
	PSC length N=64
Sequences are defined in the time-domain and correspond to indices {31, 33, 41} in the frequency domain
	Interleaved Mapping
M-sequence based design


	Sampling rate  ?

	LGE
	Time-domain complex conjugate symmetry between 2 PSCs
Truncated 65-length ZC. Recommendations are N=65, M=31, 34, 38

N=63 is also a good choice


	Interleaved Mapping (Quadrature mapping of binary sequence)
Hadamard based design

Need scrambling


	Sampling rate of 0.96 MHz

	Motorola
	Time-domain complex conjugate symmetry between 2 PSCs

Truncated 65-length ZC. Recommendations are N=65, M=31, 34, 38

N=63 is also a good choice
	Interleaved Mapping

Hadamard based design

Need scrambling

Short code length: 32
	Minimum sampling rate of 0.96 MHz

	Huawei
	Punctured ZC of length 63, can be mapped to the subcarriers to produce central- and conjugate symmetry for any sampling rate. This property does not hold for lengths 64 and 65. One set of suitable root indices for the length-63 ZC could be (31,32,38).
	Localized Mapping
Hadamard sequences modulated with a common Golay (binary) complementary sequence
Simple mapping of cell group ID and antenna indicator to the SSCs (R1-072326). Frame timing is encoded by permuting the two short codes in the different S-SCH symbols.
	

	NEC
	N=64 and root sequence indexes are {1, 63, 21} or {1, 63, 43} i.e. n1=1 and n2=21 or 43. (R1-072818)

	Concatenation of 8 short codes provide significant performance gain over concatenation of 2 short codes (R1-072110)
	-

	NTT DoCoMo
	
	Interleaved method
Hadamard sequence of size 32 for the two S-SCH short codes
Scrambling is beneficial at least to reduce PAPR.

Option 1: Cell-common scrambling 

Option 2: P-SCH specific scrambling 
Scrambling in Option 1 is used for only PAPR reduction. Motivation of Option 2 is randomization of interference from neighboring sectors (cells within the same cell ID group) which may transmit the same S-SCH sequence


	


Summary and Proposed Way Forward :

P-SCH:

a. At least 4 companies, preferred ensuring time-domain complex conjugate symmetry between 2 PSCs by choosing the root indices M=n1, M=N-n1, M=n2.  Two values of ‘N’ namely 63 and 65 were suggested.

b. Qualcomm/NEC prefers the value of ‘N’ to be 64.  The indices {31, 33, 41} map to time domain sequences {33, 31, 39} so the symmetry properties in the frequency domain between indices {31, 33} remain in the time domain for indices {33, 31}.
c. There was some discussion on whether frequency-domain ZC sequences have their counterpart in the time-domain as mentioned in (b).  In view of some companies mapping of the FD ZC sequences { e.g. 31 33 41} to the TD ZC {e.g. 33 31 39} is only approximate because of the nulling of the DC.

S-SCH
a. Most of the companies agree in favor of "Interleaved Mapping Method". It may be noted that whether to use the P-SCH as a phase-reference is an implementation issue.  
b. Three major categories i) Hadamard codes,  ii) M-sequence based design, iii) Golay-Hadamard codes.  Most of the companies are in favor of using Hadamard based sequence of length 32 except Qualcomm.  Qualcomm prefers to use M-sequence as outlined in R1-072093.

c. Most of the companies seems to favor scrambling in order to reduce the PAPR, aimed at least for the 1.25MHz bandwidth case.  Also, Motorola introduced the following proposal especially for synchronous network to mitigate the detection of this nested S-SCH short code index combination: 

i) 1st S-SCH short code is scrambled by a cell common sequence. 

ii) 2nd S-SCH short code is scrambled by a different sequence (out of 32) whose index corresponds to 1st S-SCH short (Hadamard) code index. 

d. ZTE indicated that there may be some problems if one uses different Golay Complementary sequences as the cell-specific scrambling sequences.
e. NEC wants to consider concatenation of 8-short codes.  However, a majority of companies are not in favor of opening the issue.
Sampling Rates for PSC and SSC

Two possibilities : 0.96 MHz for the number of used tones <=64 and 1.92 MHz for the number of used tones <=128.   

It was also pointed out that the sampling rate of PSC detection need not have to be the same as SSC and also the issue of sampling at the UE is implementation specific. 

It was also indicated that size-64 FFT is more sensible for the SSC processing from implementation perspective since the same input filter is used to extract both P-SCH and S-SCH.

All other issues described in this document need face-to-face conversation to reach a consensus.




























































































































































































































































